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In their commentary, Sheldon et al. (1988) point out that the asym-

metry of the geomagnetic field relative to the terrestrial surface and
overlying atmosphere leads to exceptionally low mirror altitudes for
trapped energetic particles with small equatorial pitch angles in the

South Atlantic Anomaly (SAA) region. It has been realized for a long time
that this feature of the geomagnetic field can result in a strong geo-
graphical localization of electron precipitation. Sheldon et al. (1988)
therefore conclude that Baker et al. (1987) may have underestimated the
precipitation rate of MeV electrons in the South Atlantic Anomaly and over-
estimated the electron precipitaticn rate in other latitude and longitude
sectors.

In an earlier version of our paper (Baker et al., 1987), we discussed
in some detail the issue of non-un.formity of energetic electron precipita-
tion over the outer zone region. We had explicitly noted that the substan-
tial symmetry in the geomagnetic field could give an enhancement in the
relativistic electron precipitation in the Southern Hemisphere. We had
discussed also that one would not expect precipitation that results from
wave-particle interactions to be uniform in longitude, latitude, local
time, or time. It is clear that the intensity and energy spectrum of the
precipitating electrons will depend upon these and probably other factors.
However, the data necessary to model adequately these aspects in any de-
tail, to our knowledge, do not exist. For this reason we decided to re-
strict our discussion to the simplest case, that of uniform precipitation
in latitude and longitudes throughout the outer-zone region, recognizing
that it must be a great simplification of the real-world situation.

A few specific comments on the effect of the SAA on electron precipi-
tation can be made. The magnitude of the anomaly in the geomagnetic field
is a strong functiun of latitude; by the time the synchronous orbit region
is reached, it is sma)l (Gledhill, 1976). A dependence of precipitation
rates upon geographic longitude in the synchronous region, where our meas-
urements were made, is not observed (cf., Vampola and Gorney, 1983). Thus,
observations referred to by Sheldon et al. (1988) are not characteristic of
the situation throughout the outer 2zone.
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The Defense Metcorological Satellite Program (DMSP) spacecraft have
made some measurements relevant to this issue. Since the DMSP spacecraft
are in a polar, 8U40-km altitude orbit, their sensor systems respond largely
to precipitating particle populations and to particles near the edge of the
equatorial loss cone (Gussenhoven et al., 1987). The DMSP electron dosime-
ter experiment has provided a long-term monitor of the electron environment
above several different energy thresholds. Figure 1 shows a yearly aver-
aged (November 1984 -- October 1985) map of the measured electron dose
> 1.0 MeV for the DMSP F7 spacecraft as a function of magnetic latitude and
magnetic longitude.

The figure shows quite clearly the strong electron precipitation asso-
ciated with the SAA: This is the intense patch of energetic particle
fluxes extending from 0° to ~-40° geomagnetic latitude and centered at ~30°
geomagnetic longitude. [Note that this feature probably also contains a
large proportion of high energy protcns from the inner zone which are not
excluded by the DMSP dosimeter (Gussenhoven et al., 1987).]1 As stated by
Sheldon et al. (1988), the SAA precipitation is a significant feature.
However, the DMSP data also show intense bands of >1 MeV electrons at
higher latitudes (50°-70°) and extending rather substantially around the
Earth in longitude. These are the relativistic electron features that
Baker et al. (1987) documented at higher energies and interpreted as being
of middle atmospheric significance. Indeed, the DMSP latitudinal pattern
shown is very similar to that used by Baker et al. (1987) for their global
energy input calculations.

In a study of the global electron relationship, Higbie et al. (1987)
compared daily averages of electron fluxes measured on four different
spacecraft platforms. This included the Spectrometer for Energetic Elec-
trons (SEE) 22 MeV data at 6.6 Rg reported by Baker et al. (1987), the >1
MeV DMSP data summarized above in Fig. 1., available 20.5 MeV electron
measurements from the Global Positioning Satellite (GPS) at a 4 Rp circular
orbit (inclination ~60°), and >1 MeV electron data from a satellite in a
Molniya-type orbit. it was found that virtually every significant flux




peak in the SEE data has its counterpart in the DMSP data. Higbie et al.
(1987) noted that this correspondence extended also to the GPS and the
Molniya data sets. Hence, it was on this basis that it was concluded that
there was a truly global, reasonably homogeneous relativistic electron
population in the Earth's outer magnetosphere and that there is a remarkab-
ly close temporal correlation between electron fluxes measured at DMSP and

at geostationary orbit.

We are presently trying to quantify and extend our understanding of
the precipitation of relativistic electrons in the outer magnetosphere. We
have been carrying out studies with Callis and coworkers (Callis and
Natarajan, 1986; Caliis et al., 1988) in an attempt to directly relate
changes in the middle atmospheric chemistry to enhancements in outer zone
relativistic electrons. Such direct correlations, if they exist, clearly
are part of the definitive evidence -- the "smoking gun" -- we seek. We
are convinced that data from rockets, balloons, and low-altitude satellites
collected on a long-term basis are required to resolve the question of the
significance of these relativistic electrons within the context of middle
atmosphere-magnetosphere coupling. We believe that observations such as
described by Sheldon et al. (1988) will be part of the complete story and
that, at lower latitudes, effects of the SAA will appear.
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Mzp of Energetic Electron Dose as Observed by the DMSP F7 Satel-
lite at Low Altitude Averaged Over One Year (Nov. 1984 - October
1985). In this geomagnetic coordinate system, the horns of the
outer radiation belt correspond to bands at geomagnetic lati-
tudes, cantered near $60°. An additional intense region of
particle precipitation (due to the Earth's asymmetric magnetic
field) is near longitude 30° in the southern hemisphere as
discussed in the text. (From Gussenhoven et al., 1987.)
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LABORATORY OPERATIONS

The Aerospace Corporation functions as an "architect-engineer” for
national security projects, specializing in advanced military space systems.
Providing research support, the corporation's Laboratory Operations conducts
experimental and theoretical investigations that focus on the application of
scientific and technical advances to such systems. Vital to the success of
these investigations is the technical staff's wide-ranging expertise and its
ability to stay current with new developments. This expertise is enhanced by
a research program aimed at dealing with the many problems associated with
rapidly evolving space systems. Contributing their capabilities to the
research effort are these individual laboratories:

Aerophysics Laboratory: Launch vehicle and reentry fluid mechanics, heat
transfer and flight dynamics; chemical and electric propulsion, propellant
chemistry, chemical dynamics, environmental chemistry, trace detection;
spacecraft structural mechanics, contamination, thermal and structural
control; high temperature thermomechanics, gas kinetics and radiation; cw and
pulsed chemical and excimer laser development including chemical kinetics,

spectroscopy, optical resonators, beam control, atmospheric propagation, laser
effects and countermeasures.

Chemistry and Physics Laboratory: Atmospheric chemical reactions,
atmospheric optics, light scattering, state-specific chemical reactions and
radiative signatures of missile plumes, sensor out-of -field-of -view rejection,
applied laser spectroscopy, laser chemistry, laser optoelectronics, solar cell
physics, battery electrochemistry, space vacuum and radiation effects on
materials, lub.'cation and surface phenomena, thermionic emission, photo-
sensitive matet.1ls and detectors, atomic frequency standards, and
environmental chemistry.

Computer Science Laboratory: Program verification, program *ranslation,
performance-sensitive systes design, distributed architectures for spaceborne
computers, fault-tolerant computer systems, artificial intelligence, micrn-
electronics applications, communication protocols, and computer security.

Electronics Research Laboratory: Microelectronics, solid-state device
physics, compound semiconductors, radiation hardening; electro-optics, quantum
electronics, solid-state lasers, optical propagation and communications;
microwave semiconduc*or devices, microwave/millimeter wave measurements,
diagnostics and radiometry, microwave/millimeter wave thermionic devices;
atomic time and frequency standards; antennas, rt systems, electromagnetic
propagation phenomena, space communication systems.

Materials Sciences Laboratory: Development of new materials: metals,
alloys, ceramics, polymers and their composites, and new forms of carbon; non-
destructive evaluation, component failure analysis and reliability; fracture
mechanics and stress corrosion; analysis and evaluation of materials at
cryogenic and elevated temperatures as well as in space and enemy-induced
environments.

Space Sciences Laboratory: Magnetospheric, auroral and cosmic ray
physics, wave-particle interactions, magnetospheric plasma waves; atmospheric
and ionospheric physics, density and composition of the upper atmosphere,
remote sensing using atmospheric radiation; solar physics, infrared astronomy,
infrared signature analysis; effects of solar activity, magnetic storms and
nuclear explosions on the earth's atmosphere, ionosphere and magnetosphere;
effects of electromagnetic and particulate radiations on space systems; space
instrumentation.




